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[57] ABSTRACT

This invention concerns an endoscope using a line trans-
fer type solid pickup element which is provided with a
means to control the light incident upon the light re-
ceiving plane of the solid pickup element and accumus-
lates the optical image from the subject during the inci-
dent period and reads the accumulated signal charges
during the non-incident period. The means to control
the incident light consists of the method to switch ON
and OFF the light source driving voltage, method to
switch ON and OFF the applied voltage of the liquid
crystal filter provided in the optical path, method to
provide a rotary filter with shielding regions in front of
the light source and method to use a strobo light source.
Furthermore, in order to display in color, the combina-
tion with the R, G and B color filters is used.

S Claims, 3 Drawing Sheets

e R SRR il
L BN W N

—= TIME



U.S. Patent

Apr. 11, 1989 Sheet10f3 4,821,116

F1G.1

oI (ggh'g,’;fgm MAGE _VIDEO PROCESSOR

ELEMENT 12
4 O |I~PRE-AMP

. B 74 \
—E=_ @ o9
LIGHT N ',o' |

SOURCE
EQUIPMENT




US. Patent  Apr. 11, 1989 Sheet 2 of 3

4,821,116

FIG.1A

MOSAIC  SOLID-STATE IMA

FILTER ,SENSING VIDEO PROCESSOR
> 4 SELEMENT |2 5
2 \4 2 |I~PRE-AMP
8
L 22

LIGHT

SOURCE
EQUIPMENT

I7a  LIQUID CRYSTAL FILTER



US. Patent  Apr.11,1989  Sheet 3 of 3 4,821,116

F1G.3

CONTROL
GATE SIGNAL
! | .
| : | | : ||
R
| | | .
LIGHTING TIME - - —= TIME

READ OUT TIME



4,821,116

1
ENDOSCOPE EQUIPMENT

This 1s a division of application Ser. No. 656,375 filed
Oct. 1, 1984, now U.S. Pat. No. 4,653,478.

BACKGROUND OF THE INVENTION

This invention concerns an endoscope using a line
transfer type solid state image sensing element suitable
for miniaturization. | |

Recently; various kinds of endoscopes using solid
state 1mage sensing elements; such as charge coupled
devices for the image sensing means; are being pro-
posed.

The endoscopes using the aforementioned solid state
image sensing elements have the advantages that it is
- possible to prevent the quality of pictures from deterio-
rating due to the breakage of the fibers in endoscope
using the image guide made of an optical fiber bundle
and that it is easy to record pictures, and it is expected
that they will be increasingly used in the future because
further miniaturization and improvement of resolving
power can be expected, as the integration technology
makes progress.

As the solid state image sensing element, the charge
coupled device (CCD) having two functions of photoe-
lectric conversion and scanning is widely used. This
CCD is roughly divided into a frame transfer type, line
a transfer type and a vertical inter-line type.

In the frame transfer type CCD, firstly photoelectric
conversion and signal accumulation are made at a light
sensing part during a field period and the charges are
put in parallel and transferred to and accumulated in an
accumulating part during the short time of a vertical
blanking period, and the shielded charges in the accu-
mulating part equivalent to 1 scanning line are trans-
ferred in the standard scanning method by means of the
horizontal register during the horizontal blanking per-
" iod, and the signals are sequentially read out.

The line transfer type CCD is provided with a verti-
cal output register and reads out the signals by switch-
ing the transferred signals per line.

In the vertical inter-line transfer type CCD, the light
sensing part and transferring part are paired and ar-
ranged in a line in the longitudinal direction.

The line transfer type CCD can be made smaller than
other types of CCD, but it has a disadvantage that when
charges are transferred. for signal reading, the incident
light is received and the signal charge corresponding to
a different picture element is superimposed and the
smear phenomenon (picture becomes indistinct) occurs.

BRIEF SUMMARY OF THE INVENTION

The objective of this invention is to provide an endo-
scope using the line transfer type solid state image sens-
ing element which can prevent the smear phenomenon
and give clear pictures.
~ Another objective of this invention is to provide an
- endoscope whose end part can be made small in diame-
ter. .

Still another objective of this invention is to provide
an endoscope which can be used even in a narrow body
cavity part through miniaturization, thus expanding the
scope of application of the endoscope.

Other features and benefits of this invention will be
made clear by the following explanation.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 11is a block diagram to show Embodiment 1 of

‘the endoscope related to this invention.

FIG. 1A is a block diagram illustrating another em-
bodiment of the invention.

FIG. 2 is a front view to show an approximate
makeup of the line transfer type solid state image sens-
ing element.

FIG. 3 is an explanatory diagram to show the rela-
tionship among the control gate signal, lighting time
and readout time in the device in FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIGS. 1 to 3 concern the first Embodiment of this
invention.

As shown in FIG. 1, a hard end component 2 is pro-
vided continuously at the front end side of a narrow and
flexible inserting member of the endoscope 1 which can
be inserted into a body cavity, etc.

The observation window of the said end part 2 is
provided with an object lens 3 for image-forming, and
at the focal point of the said object lens 3 a line transfer
type solid state image sensing element 5 with the tri-
color mosaic filter 4 at the front; is provided.

On the image sensing. plane of the solid state image
sensing element 5, as shown in FIG. 2, the line light
sensing part 6 consisting of many light receiving ele-
ments arranged in the horizontal direction is formed and
the signal charges can be transferred and read from the
output register 7 by applying the readout clock signals
of the specified phase relationship. The signal charge is
output by switching the transfer signal for each line.

The transfer signal to be switched for each line and
the readout clock signal of the specified phase relation-
ship are formed by the drive circuit 10 which takes in
the reference clock signal output from the oscillator 8
via the AND circuit 9. When the output signal from the
drive circuit 10 is applied, the signal read from the solid

- state image sensing element 5 is amplified in low noise

factor by the preamplifier 11, passed through the signal
line, and written in the frame memory 13 in the video
processor 12.

The signal written in the frame memory 13 is sepa-
rated and converted into 3 color signals R, G and B on
which the horizontal and vertical signals are superposed
in the TV signal converter 14 and displayed on the
color TV monitor 15. For writing into the frame mem-
ory 13, the signals are AD-converted into digital values
and after being read out, they are DA-converted into
analog values.

In the inserting member a light guide 16 made a flexi-
ble optical fiber bundle is inserted for transmitting the
illuminating light from a light source to the object. The
rear end of the said light guide 16 is attached in a re-
movable way to the light source equipment 17. The
iluminating light of the lamp 18 in the light source
equipment 17 is reflected by the concave plane of the
reflector 19 and condensed and then projected to the

- rear end face of the light guide 16, and the light is trans-

65

mitted through the light guide 16 and projected from
the front end face fixed in the end part 2 through the
light distributing lens 20 to the subject in order for an
image can be formed on the image sensing plane by the
object lens 3.

The illuminating lamp 18 is driven with the power
supplied from the lamp driver 21 and the power sup-
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plied to and cut off from the lamp driver 21 is controlled
by the control gate signals (shown in FIG. 3) output
from the control gate signal generator 22, i.e. when the
control gate signal is on a high level, the power is sup-
plied to the illuminating lamp 18 and when low level,
the supply is stopped. The above control gate signal is,
for example, for high level for 29 msec. and low at 4
‘msec. (not limited to this).

The above control gate signal is applied to the other
input end of the AND circuit 9 via the inverter circuit

23 and only when the level of the 31gna1 applied to the

‘input end is high (i.e. control gate signal is at low level),

= - the reference clock signal from the oscillator 8 is output

to the drive circuit 10 (i.e. the readout time shown in
"FIG. 3). That is, the control gate signal generator 22
causes the illuminating lamp 18 to light and to illumi-
nate the subject during the lighting time when the con-
trol gate signal is at high level, and the subject image 1s

formed on the image sensing plane face by means of the
‘reflected light from the subject, resolved into the pic-

ture element units and received by the light receiving
elements and accumulated as charges, and control is
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made so that the reference clock signal for signal read-

ing is not output to the drive circuit 10, and during the ,.

‘readout time when the control gate signal is at low

 level, the AND circuit 9 is opened, the reference clock
- signal is supplled to the drive circuit 10, and the 1llumi-

~nating lamp 18 is extmgulshed to prevent the light from

 entering the light receiving elements.
- In the first Embodiment thus formed, by means of the

control gate signal, the subject is lighted during the
lighting time and the reflected light from the subject 1s
received by the light receiving elements and accumu-
lated as charges. During the subsequent readout time
- when the accumulated charges are sequentially read out
by means of the output signal of the drive circuit 10, the
illuminating lamp 18 is extinguished to prevent the inci-
dent light from being received by the light receiving
elements, and therefore, the signals can be read without
~ occurrence of the smear phenomenon.

 The read signals are amplified by the preamplifier 11
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and written into the frame memory 13 in the video

processor 12. During the subsequent lighting time, they
are read out sequentially, separated into R, G and B
- color signals by the sample hold circuit in the TV signal
converter 14, superposed on by horizontal and vertical

- synchronizing signals, applied to the RGB terminals in

the color TV monitor 15, to display the subject in color.
- The above first Embodiment can make it possible to
make small the outside diameter of the end part 2 to
“contain the solid state image sensing element 5 because
it uses a line transfer type solid state image sensing
element § with small area which is not provided with
the transfer part to accumulate the charges received by
the light receiving elements forming the light sensing
part 6 as well as preventing the smear phenomenon.

~The tri-color filter in the first Embodiment is not
limited to the color mosaic filter 4, and for example, 3

primary color filters arranged in stripes may be also

used.
~ In the above embodunents, the illuminating lamp 18,
is extinguished during the signal readout period so that

' the light will not be received by the light receiving

~ elements during this period. However this invention 1s

‘not limited to this, and for example, a liquid crystal filter
17a (as seen in FIG. 1A) can be provided between the
rear end face of the light guide 16 and the light source
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such as the illuminating lamp. 18 thus controlling the
application of voltage to the liquid crystal filter. _'

The above liquid crystal filter is not limited to the .
installation in the light source equipment 19, and the
same function can be obtained by providing it between

the light distributing lens 20 and the front end face of
the light guide 16 (or a light source such as illuminous

diode), for example, at the pupil position of the distrib-
uting lens 20.

Furthermore, the above liquid crystal ﬁlter can be
provided in front of the image sensing plane or at the
pupil position of the object lens 3 and control can be
made so that the light is not received by the light receiv-
ing elements during the signal readout time (although
illuminated). The important thing is that the light is not
received by the light receiving elements of the light
sensor 6 of the line transfer type solid state image sens-
ing element during the signal readout time.

We claim:

1. An endoscope, compnsmg

“an inserting member having an end component

a light source means for projecting light through said
inserting member onto a subject;

a line transfer type solid state image sensing means
disposed in said end component for receiving an
optical image of the subject illuminated by said
light source means, and for converting said re-
ceived image into electrical signals;

a light control means for controlhng the light incident
‘on said solid state image sensmg means so that a
signal charge is accumulated in said solid state

image sensing means during an incident period

when reflected light is incident on said solid state
image sensing means and light from said light
source means is controlled in such a manner that it
is not incident on said image sensing means when
said 31gna1 charge is being read out from said image
~ sensing means, said light control means including,
(a) a liquid crystal filter means positioned in the

light path between said light source means and

said solid-state image sensing means for inter-
rupting the light from said light source means
incident on said sohd-state image sensmg means,
and -

-(b) a circuit means for electncally controllmg said
liquid crystal filter means such that said light
from said light source means is not incident on
said 1mage sensing means when said signal -
charge is being read out from said image sensing
means; and -

a monitor means for displaying the subject image on
the basis of the electrical signal read out from said
solid-state image sensing means.

2. The endoscope of claim 1, wherein said liquid

crystal filter means is disposed between said light source
means and a light guide for directing light from sazd

- light source means onto the subject

63

3. An endoscope, comprising:

an inserting member having an end component;

a light source means for projecting light through said
inserting member onto a subject; |

a line transfer type solid-state image sensing means
disposed in said end component for receiving an
optical image of the subject illuminated by solid
light source means, and for converting said re-

~ ceived image into electrical signals, and .

wherein said image sensing means has one of a mosaic
filter and a color stripe filter on the image sensing
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surface thereof for receiving a color image of said
subject illuminated by white light; |
a light controlling means for controlling light inci-
dent on said solid-state image sensing means so that
a signal charge is accumulated in said image sens-
- Ing means during an incident period when reflected
light is incident on said image sensing means and

light from said light source means is controlled in

such a manner that it is not incident on said image
sensing means when said signal charge is being read
out from said image sensing means; and

a monitor means for displaying in color, the subject
image on the basis of electrical signals read out
from said solid-state image sensing means.

4. An endoscope, comprising:

an inserting member having an end component:

a light source means for projecting light through said
inserting member onto a subject;

a line transfer type solid-state image sensing means
disposed in said end component for receiving an
optical image of the subject illuminated by the light
source, and for converting said received image into
electrical signals;

a light controlling means for controlling light inci-
dent on said solid-state image sensing means so that
a signal charge is accumulated in said solid-state
image sensing means during an incident period
when reflected light is incident on said image sens-
ing means and light from said light source means is
controlled in such a manner that it is not incident
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on said image sensing means when said signal
charge is being read out from said image sensing
means; and

a monitor means for displaying the subject image on
the basis of electrical signals read out from said
solid-state image sensing means.

5. An endoscope, comprising:

an inserting member having an end component:

a light source means for projecting light throu gh said
inserting member onto a subject;

a line transfer type solid-state image sensing means
disposed in said end component for receiving an
optical image of the subject illuminated by the light
source, and for converting said received image into
electrical signals;

a light controlling means for controlling light inci-
dent on said solid-state image sensing means so that
a signal charge is accumulated in said solid-state
sensing means during an incident period when re-
flected light is incident on said image sensing
means, said light controlling means Including a
circuit means for electrically controlling said light
source means such that said light source means is
turned off when said signal charge is being read out
from said image sensing means: and

a monitor means for displaying the subject image on
the basis of the electrical signal read out from said

solid-state image sensing means.
¥ % % % *
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